Dysthyroidism has been highlighted as a common endocrine disorder associated with erectile dysfunction (ED); however, to date, no large-scale population-based study has investigated the association between hyperthyroidism and ED. This case--control study aimed to explore the association between ED and hyperthyroidism using a population-based data set. In total, 6310 adult patients who received new diagnoses of ED were recruited as cases together with 18 930 matched enrollees with no history of ED who served as controls. Conditional logistic regressions were conducted to explore the association between ED and having been previously diagnosed with hyperthyroidism. In total, 569 (2.3%) of the 25 240 sampled subjects had been diagnosed with hyperthyroidism before the index date; hyperthyroidism was found in 207 (3.3%) cases and 362 (1.90%) controls. After adjusting for potential confounding factors, the odds ratio (OR) of prior hyperthyroidism among cases was 1.64 (95% confidence interval ¼ 1.37--1.96, Po0.001) than that of controls. No association was detected between prior hyperthyroidism and ED for the 18--30, 30--39 and X70 age groups. Subjects aged between 60 and 69 years had the highest ORs for prior hyperthyroidism among cases when compared to controls (OR ¼ 1.84; 95% confidence interval ¼ 1.20--2.84; Po0.001). Our study further confirms the existence of an association between ED and prior hyperthyroidism. 2 A recently conducted prevalence study in Norway found that 0.9% of all Norwegian men over 20 years old in Nord-Trù ndelag had been diagnosed with hyperthyroidism.
INTRODUCTION
Hyperthyroidism is a condition in which the thyroid produces an excessive amount of thyroid hormone 1 and affects approximately 2% of women, but significantly less in men. 2 A recently conducted prevalence study in Norway found that 0.9% of all Norwegian men over 20 years old in Nord-Trù ndelag had been diagnosed with hyperthyroidism. 3 Graves' disease accounts for 70% of hyperthyroidism cases, with the age of onset most often occurring during young adulthood 1 and is a genetically linked autoimmune disorder in which the body produces antibodies to its own tissues, which in turn cause the thyroid to produce excess of thyroid hormone. The other 30% of hyperthyroidism cases result from other causes, such as toxic nodular goiters, subacute thyroiditis, exposure to iodine from medications or X-ray dyes and postpartum thyroiditis. Whether on account of autoimmune, inflammatory or metabolic sources, 1 the effects of hyperthyroidism have been reported to be associated with sexual impotence among men. 3, 4 Furthermore, one recent study has demonstrated that thyroid hormone nuclear receptors in the penis provide the biological basis for the direct action of thyroid hormones on this organ and suggested that physicians should be advised to investigate sexual function in men with thyroid disorders. 5 Erectile dysfunction (ED) is defined as the inability to achieve or maintain an erection sufficient for satisfactory sexual intercourse and is the most common sexual problem among aging male subjects. 6, 7 The Massachusetts Male Aging Study reported that 52% of their community-based survey of men aged between 40 and 70 years old suffered from some degree of ED. 7 ED has been demonstrated to have a negative impact on intimate relationships, quality of life 8 and self-esteem. 9 Although the etiology of ED is complex and understood to be the result of interplay between altered erectile nerve function, cognitive decline, illness-related stress and decreased interpersonal interaction, 10, 11 both the pathology of ED and dysthyroidism have been highlighted as sharing common underlying endocrine dysfunction. 12 To date, few studies have investigated the association between dysthyroidism and ED, and all were either hospital-based studies or characterized by small case numbers. The pioneering study was conducted in Italy and included 34 men in a multicenter study in Italy, 4 while another study included 27 individuals suffering from hyperthyroidism selected from the thyroid outpatient clinic of one hospital in Greece. 13 
METHODS

Database
This study used administrative claims data sourced from the Longitudinal Health Insurance Database 2000 (LHID2000) for the analysis. The LHID2000 was created by the Taiwan National Health Research Institute and includes all the claims data and registration files of 1 000 000 individuals randomly sampled from the 2000 Registry for Beneficiaries of the Taiwan National Health Insurance (NHI) program. The representativeness of the LHID2000 relative to the whole population of NHI enrollees in terms of gender has been validated by the Taiwan National Health Research Institute. The LHID2000 allows researchers to trace all the medical services of these selected 1 000 000 individuals since the initiation of the Taiwan NHI program in 1995.
This study was exempted from full review by an Institutional Review Board after consulting with the director of the Taipei Medical University Institutional Review Board as the LHID2000 consists of de-identified secondary data released to the public for research purposes.
Selection of cases and controls
We first selected all the patients who had received their first-time diagnosis of ED (impotence, organic (ICD-9-CM code 607.84)) during ambulatory care visits between January 2001 and December 2009 (n ¼ 6545). In Taiwan, ED diagnoses are based on the results of a self-administered International Index of Erectile Dysfunction (IIEF-5) questionnaire. However, to increase ED diagnostic validity from the administrative claims data set, this study only included ED patients who had received X2 ED diagnoses during the period between 2001 and 2009, with at least one of the diagnoses being made by an urologist. Discussing sexuality is relatively a cultural taboo among the Taiwanese population, with most Taiwanese men being reluctant to admit suffering from a shameful condition. In addition, there is also no incentive to be diagnosed as pharmaceutical treatment for ED is not covered under the NHI program. Consequently, we believe that these ED diagnoses had high validity in Taiwan.
We then excluded patients under 18 (n ¼ 25) or over 80 (n ¼ 119) years of age because of the small case number in these two age groups. As a result, this study consisted of 6310 cases, with the date of their first ED diagnosis being assigned as the index date.
We likewise selected the controls from the LHID2000. We first limited our control group to only include subjects between 18 and 80 years of age. We also excluded all the subjects who had been diagnosed with ED since the initiation of the Taiwan NHI program in 1995. We then randomly selected 18 930 controls (3 controls per case) matched with cases in terms of age in intervals of 10 years (o30, 30--39, 40--49, 50--59, 60--69 and X70), urbanization level and index year. All 359 cities/towns in Taiwan were stratified into five groups ranked by urbanization level in accordance with a prior study, with 1 referring to the 'most urbanized' and 5 referring to 'least urbanized'. 13 These ranking were demarcated by a combined score of several measures, including the population density (people per km 2 ), the proportion of people with college education levels or above (percentage), the proportion of elderly people over 65 years of age population (percentage), the proportion of agricultural workers (percentage) and the number of physicians per 100 000 population. Therefore, matching the variable of urbanization level between cases and controls helped to assure that cases and controls were reasonably similar in terms of unmeasured neighborhood socioeconomic characteristics. For controls, we considered the date of their first use of medical services occurring during the index year as the index date.
Exposure assessment
In this study, we identified hyperthyroidism cases based on ICD-9-CM code 242 (thyrotoxicosis with or without goiter). To increase the validity of hyperthyroidism diagnoses, we only included those patients who had at least two consensus-diagnosed episodes of hyperthyroidism before the index date and who still had a hyperthyroidism diagnosis after receiving a blood test for the level of thyroid-stimulating hormone and thyroxine. In Taiwan, hyperthyroidism is generally diagnosed when thyroid-stimulating hormone levels are suppressed (o0.05) and thyroxine levels are elevated (42.3). In addition, all the included cases had been prescribed antithyroid drugs.
Statistical analysis
We used the SAS system (SAS System for Windows, Version 8.2, SAS Institute, Cary, NC, USA) to analyze data. w 2 Tests were conducted to compare the differences in monthly income (NT$0--15 840, NT$15 841--25 000, XNT$25 001) and geographic location (Northern, Central, Eastern and Southern Taiwan), as well as medical co-morbidities. We selected medical co-morbidities including hypertension, diabetes, coronary heart disease, hyperlipidemia, obesity and alcohol abuse/alcohol dependence syndrome, which are all well-documented risk factors for ED. Conditional logistic regressions (conditioned on age group, urbanization level and index year) were conducted to explore the association between ED and having been previously diagnosed with hyperthyroidism. We further computed the odds ratio (OR) for having been previously diagnosed with hyperthyroidism stratified by age group. The conventional Pp0.05 was used to assess statistical significance.
RESULTS
Of the 25 240 sampled subjects, the mean age was 52.1 years, with a standard deviation of 14.4 years. The distribution of demographic characteristics and co-morbidities for cases and controls are presented in Table 1 . After matching for age group and urbanization level, cases were found to be more likely to reside in the northern part of Taiwan (Po0.001) and have a higher monthly income of XNT$25 001 (Po0.001) than controls. Cases had a higher prevalence of hyperlipidemia (25.9% vs 16.6%, Po0.001), diabetes (22.3% vs 12.9%, Po0.001), hypertension (36.3% vs 27.0%, Po0.001), coronary heart disease (15.4% vs 9.2%, Po0.001) and obesity (0.4% vs 0.2%, P ¼ 0.003) compared to controls. There was no significant difference in the distribution of alcohol abuse/ alcohol dependence syndrome between cases and controls (P ¼ 0.630). In addition, Table 1 further illustrates the results of several post-hoc analyses conducted on the variables of monthly income and geographic region adjusting for alpha error by the Bonferroni correction. Table 2 presents the distribution of ORs of prior hyperthyroidism between cases and controls. In total, 569 (2.3%) of the 25 240 sampled subjects had been diagnosed with hyperthyroidism before the index date; hyperthyroidism was found in 207 (3.3%) cases and 362 (1.90%) controls. Conditional logistic regression analysis (conditioned on age group, urbanization level and index year) revealed that cases were 1.74 (95% confidence interval ¼ 1.46--2.07; Po0.001) times more likely to have been previously diagnosed with hyperthyroidism. After adjusting for monthly income, geographic location, hypertension, diabetes, coronary heart disease, hyperlipidemia, obesity and alcohol abuse/ alcohol dependence syndrome, conditional logistic regression further revealed that the OR of prior hyperthyroidism among cases was 1.64 (95% confidence interval ¼ 1.37--1.96, Po0.001) than that of controls.
Furthermore, Table 3 and Figure 1 shows the results of analyses for prior hyperthyroidism stratified by age group. No association was detected between prior hyperthyroidism and ED for the 18--30, 30--39 and X70 age groups. Subjects aged between 60 and 69 years had the highest ORs for prior hyperthyroidism among cases when compared to controls (OR ¼ 1.84; 95% confidence interval ¼ 1.20--2.84; Po0.001).
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DISCUSSION While dysthryoidism has been reported to be associated with sexual dysfunction, 3, 14 and thyroid hormone disorders in general have been understood to alter the reproductive axis, 15--17 to the best of our knowledge this is the first large-scale population-based study conducted investigating the relationship between ED and hyperthyroidism. After adjusting for monthly income, geographic location, hypertension, diabetes, coronary heart disease, hyperlipidemia, obesity and alcohol abuse/alcohol dependence syndrome, we found that the OR of prior hyperthyroidism among cases was 1.64 (95% confidence interval ¼ 1.37--1.96, Po0.001) than that of controls. After stratifying for age, the association between hyperthyroidism and ED was only significant among three age groups (40--49, 50--59 and 60--69). The greatest magnitude of association was detected among subjects aged between 60 and 69 years who were found to be 1.84 times as likely to have been previously diagnosed with hyperthyroidism than matched controls.
The prevalence of ED increases with age on account of several reasons. 18 A greater share of the older men in this study likely suffered from ED on account of factors that were unrelated to hyperthyroidism. One such factor may involve decreased testosterone levels. While it is possible that hyperthyroidism may have an additional effect on age-related decreases in testosterone and Abbreviations: CI, confidence interval; OR, odds ratio. Notes: OR was calculated by conditional logistic regression that was conditioned on age group. Adjustments are made for patient's urbanization level, monthly income, geographical location, hyperlipidemia, diabetes, hypertension, coronary heart disease, obesity and alcohol abuse/alcohol dependence syndrome. *Po0.001.
free testosterone, these decreases are well understood to be naturally occurring phenomena in the absence of other endocrine disorders. 19, 20 Another possible diluting factor may involve the increased peripheral vascular resistance resulting from the narrowing of the lumen on account of accumulations on vessel walls. 21 Such increased resistance has been shown to result in structural changes to the penile vasculature, including both arterial and erectile tissues. 22 As we were not able to control for these factors, they may have diluted the association between ED and hyperthyroidism detected in this study.
This study supports the conclusions of the two previous studies investigating the association between dysthyroidism and ED. The pioneering study investigating the relationship between dysthyroidism and ED was a multi-center study conducted in Italy, 4 which analyzed the sexual function, including ED, among 34 men with hyperthyroidism and 14 with hypothyroidism. Upon presentation with dysthyroidism, they screened each subject for hypoactive sexual desire, ED, premature ejaculation and delayed ejaculation. They then performed a follow-up screening 8--16 weeks following restoration of euthyroidism. In addition to improvements in premature ejaculation, delayed ejaculation and ejaculation latency time, there were significant changes among subdomains of IIEF. 4 The second investigation was performed on 71 men and a similar number of controls selected from one thyroid outpatient hospital in Greece. Of the cases, 27 had hyperthyroidism and 44 had hypothyroidism. The mean ages of the hypothyroidism patients were 52.6 and 55.9 years, respectively, thus leaving the majority of them over Graves' most common age of onset. They used a validated Sexual Health Inventory for Men 5-iitem questionnaire based on the IIEF questionnaire to realize that approximately 80% of the patients suffering from thyroid dysfunction also suffered from ED. This can be compared with 34% of the controls. Most interestingly, following treatment restoring euthyroidism, only 30% of their cases were left suffering from ED, a figure similar to the control group. 13 The finding from the above two studies that the restoration of euthyroidic conditions can rescue sexual function not only further confirms that dysthyroidism exerts a contributory effect toward the development of ED, but also more specifically helps to identify the downstream effects of dysthyroidism as the major contributory factors in the association with ED. It has been demonstrated that hypothyroidism may result in subsequent decreases in serum testosterone, dehydroepiandrosterone and DHEA sulfate, 23 and while the basal levels of steroids and sex hormone-binding globulin levels have been demonstrated to be significantly higher in male subjects with hyperthyroidism than that in normal men, their basal bioT levels have been shown to be lower than that in controls. 17 Similar hormonal disturbances can also be seen in women. One previous study investigating sexual function in women did find that women with hyperthyroidism also exhibited increased depressive symptoms, increased sex hormone-binding globulin levels and decreased fT levels, all of which being associated with female sexual dysfunction. 24 Thus, it is the work of future studies to investigate the mechanisms underlying the association between hyperthyroidism in men and ED.
The primary strength of our study lies in its longitudinal database and large sample population, which mitigate the effect of the selection biases inherent in studies utilizing data taken from voluntary registries or hospital-referred study patients. Also, over 98% of Taiwan's residents are of Han Chinese ethnicity. While the homogeneity of the population may exempt our study from potential confounding by race, it also limits the generalizibility to other ethnic groups.
This study suffered from several limitations that should be addressed. The first is the use of ICD-9 coding in the administrative database to diagnose ED. Although ED diagnoses in Taiwan are based on the results of a self-administered IIEF-5 questionnaire, the raw scores are not available in the database and we were therefore unable to include any measure for severity in this investigation. Administrative databases are notorious for receiving criticism concerning their diagnostic validity; however, one study by Lin et al. 25 has verified the high validity of diagnoses in the Taiwan Health Insurance Database.
Secondly, on account of cultural taboos associated with discussing sexuality in Taiwan, many patients may not wish to see a specialist despite suffering from ED. Not only may this help account for the seemingly low-incidence of ED when compared with studies from western countries, but could also lead to the possibility that some of the controls in this study were also suffering from ED. However, if such a bias exists in the data, the results of our analysis would be biased towards the null. Further adding to the diagnostic validity of ED in this study, not only may a Taiwanese be reluctant to admit suffering from a shameful condition, but there is also no incentive to be diagnosed as pharmaceutical treatment for ED is not covered under the NHI program.
Third, some clinically relevant patient and lifestyle information, such as smoking status, alcohol consumption and dietary habits, martial status and body mass index, was not available through the administrative data set. Although we did adjust for urbanization level, which may reflect lifestyle, as well as both obesity and alcohol abuse/dependence syndrome, the association between hyperthyroidism and ED may be partially explained by the residual confounding of unadjusted factors.
Finally, although we commented on a number of possibilities regarding the mechanisms underlying the associations between ED and hyperthyroidism detected in this study, the administrative database we used to source our hyperthyroidism cases lacked information detailing their etiological classifications and raw hormone levels. Therefore, the mechanistic possibilities explored in this paper were entirely speculative and future studies will need to be conducted to better elucidate the underpinning of these associations.
This study succeeded in contributing to the body of evidence surrounding the association between dysthyroidism and sexual dysfunction, and most specifically to that between ED and prior hyperthyroidism. As previous work demonstrated that the restoration of euthyroidism recovered sexual function, 13, 4 it is the suggestion of the authors that clinicians follow the advice of previous studies and not begin treatment for ED among hyperthyroid patients until after first completing 6 months of treatment for hyperthyroidism and the restoration of euthyroidism. Furthermore, it is suggested that patients with long-standing hyperthyroidism complaining of ED first be questioned regarding their adherence to their hyperthyroid treatment regimen and have their thyroid levels checked before proceeding to treatment for ED. Finally, it is suggested that similar studies be conducted in other countries or regions to validate the novel findings of this study.
